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ABSTRACT-Quantifying evapotranspiration (ET) over vast ecosystems such as the Sandhills of Nebraska
is crucial in linking the surface, subsurface, and atmospheric processes affecting a region. There are numerous
methods of obtaining large-scale ET estimates, but most are constrained by the availability of data. This study
investigates implementation of an approach that uses a simple land-cover-based standardized tall (ETrs) and short
(ETas) surface reference crop evapotranspiration and crop coefficient to compute actual ET over various spatial
and seasonal scales. Subsequently, computed ETrs was used to get the preliminary estimate of regional ET over
the entire Sandhills at the 30 m scale by using Landsat vegetation data. Therefore, while the final ET values
are a close approximation to actual ET, it does not relate to the real water consumption by the vegetation in the
Sandhills. The 30 m ET values were aggregated at four different scales (500 m, 1 km, 5 km and 10 km) using
three methods of interpolation (nearest neighbor, bilinear interpolation, and cubic convolution) in estimating
coarser-scale ET. Although the differences in the estimated ET among these four resolutions and three interpolation methods were generally small in magnitude, aggregation resulted in a mean percentile error of up to 4%
when compared with estimated high-resolution 30 m ET over the region. In general, both nearest neighbor and
bilinear interpolation methods were found to perform better than the cubic convolution method.
Key Words: crop coefficients, evapotranspiration, hydrology, Nebraska Sandhi lIs, scaling

INTRODUCTION

The Sandhills cover about 58,000 km 2 , about 25% of
the land area of Nebraska, and are the largest expanse of
grass-stabilized sand dunes in the Northern Hemisphere
(Bleed and Flowerday 1998) (Fig. 1). It is estimated that
about 850 x 105 million cubic meters of water is stored
as groundwater in the High Plains aquifer underneath
the Sandhills (Keech and Bentall 1971), which is also
about 50% of the groundwater found in all of Nebraska
(Bleed 1989). The abundance of water in the Sandhills
not only helps maintain the grass cover over the dunes
but also feeds area lakes and wetlands spread over about
5,000 km 2 (Gosselin et al. 2000), as well as providing a
constant discharge into the streams in the region (Chen
et al. 2003). The interaction among subsurface, surface,
and atmospheric systems is obvious over this landscape;
however, an understanding of the water transport among

them and subsequent interlinking processes is still limited. Evapotranspiration (ET) is suggested by numerous
studies as one of the hydrological processes that has a
key connection between the surface and the atmospheric
processes and also with groundwater, (e.g., Burba et al.
1999; Gutowski et al. 2002; Sridhar et al. 2002). The
Sandhills is predominantly covered by grass, which plays
a key role in the stability of sand dunes, thereby inhibiting the migration of the dunes to neighboring areas. It
is therefore crucial to understand and quantify ET and
related processes over this vast landscape; there were no
such previous estimates due to the limited data on water
and energy flux, as well as on atmospheric conditions.
A relatively simple approach of computing land-coverbased, standardized tall surface (alfalfa) reference crop
evapotranspiration (ETrs) is widely applied in irrigation
management practices and water-resources disciplines
(Jensen et al. 1990). This approach requires a crop (or cover) coefficient in order to compute actual ET. The amount
of water that is actually removed by the plants due to the
combined processes of evaporation and transpiration can
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Figure 1. Location map showing the boundary and weather stations of the Sandhills region (AIN = Ainsworth, ARA = Arapahoe,
ART = Arthur, BAR = Barta Brothers, GUD = Gudmundsen, HAL = Halsey, ONE = O'Neill).

be defined as actual ET. It is also worth mentioning that
actual ET is not the observed or measured ET but it is derived based on ETrs . The term ETrs can be defined as the
measure of the atmospheric demand for water that can be
removed through evaporation and transpiration under no
limitation on soil moisture. The difference between ETrs
and actual ET is the amount of water that is needed for
the crop during the growing season. Even though this can
be considered as a semi-empirical approach, a realistic
visualization of crop coefficients for different crops or
cover and their transferability, as well as the availability
of standardized ETrs estimation (Allen et al. 2005), makes
this approach quite attractive, especially when supported
by the remotely sensed high-resolution land-cover data.
Crop ET computed from the Normalized Difference
Vegetation Index (NDVI)-basal crop-coefficient method
provides a window of opportunity for using remotely
sensed observations for crop-water management; however, accurate irrigation scheduling needs an improved
NDVI algorithm, one that can also closely capture canopy
closure for each individual crop at a high resolution (Hunsaker et al. 2003). It is also critical to consider the scaling
effects, as most often the differences between coarser- and
finer-scale estimates of ET are quite significant and might
lead to an inaccurate assessment of regional ET pattern.
Numerous studies (e.g., Kustas et al. 2003; Norman et
al. 2003) have estimated ET using GOES satellite-based
surface-brightness temperature change at a 5 km scale and
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln

dis aggregated using high-resolution land-cover products,
including Landsat and MODIS; however, surface heterogeneity at the field scale «30 m) makes this scaling-down
energy-balance approach difficult to apply as a tool to
study soil moisture and crop-water management issues.
Landsat Thematic Mapper (TM), with its seven spectral
bands, provides more radiometric information at 30 m
resolution and offers better data on land-cover classes.
However, additional variables needed to determine ET are
still at a coarser scale, thereby imposing some restrictions
on our ability to implement robust models in deriving
finer-resolution ET estimates over a large area.
The primary objective of this study is to use a widely
adopted REFET scheme (Allen 2001) to compute ETrs for
various locations in the Sandhills and subsequently employ Landsat TM land-cover classification and crop coefficients technique to estimate actual ET at 30 m resolution
for the Sandhills. The estimated ET at this high resolution
is perhaps a gross estimation that can give us a general
idea of the possible values of ET for each cover class. Caution should be exercised in interpreting the result because
actual ET only represents mean values based on a generalland-use classification and assumed crop coefficients.
However, this methodology eventually will help in deriving site-specific crop coefficients for each vegetation type
in this region, when observed ET becomes available. Also,
this study investigates the effects of scaling on modeled
ET by aggregating 30 m ET estimates to various scales
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TABLE 1
LAND-COVER CLASSES BASED ON 30-METER LANDSAT THEMATIC MAPPER DATA
IN THE SANDHILLS
Area (km 2 )

Percentage of area

No.

Vegetation

1

Ponderosa pine forests and woodlands

162.86

0.30

2

Deciduous forests and woodlands

165.28

0.30

3

Juniper woodlands

67.14

0.12
69.12

4

Sandhills upland prairie

38,155.91

5

Lowland tallgrass prairie

5,234.15

9.48

6

Upland tallgrass prairie

7

Little bluestem-gramma mixed-grass prairie

8

Western wheatgrass mixed-grass prairie

9

Western shortgrass prairie

10

Barren/sand/outcrop

11

Agricultural field

167.24

0.30

4,065.42

7.37

0.47

0.01

2,277.35

4.13

383.15

0.69

2,649.03

4.80

12

Open water

163.26

0.30

13

Fallow agricultural field

110.72

0.20

14

Aquatic-bed wetland

233.24

0.42

15

Emergent wetland

1,272.83

2.31

16

Riparian shrubland

38.48

0.07

17

Riparian woodland

6.62

0.01

18

Low intensity residential

19

High intensity residential!commerciallindustrial/transportation

Total

(500 m, 1 km, 5 km, and 10 km) and by comparing the
results across the scales. Also, the operational weatherforecasting studies currently use scales on the order of
10 km for hydrological simulation; hence, choosing the
scales on this order of magnitude will be beneficial for
linking surface processes with weather modeling in future
studies. The Sandhills, however, exhibit only moderate
variability in surface conditions, including topography.
One can easily suggest that variability in vegetation and
soils is quite insignificant, and this paper highlights the
issues of scaling in homogeneous regions and resultant ET
estimates.
VEGETATION PATTERN IN THE SANDHILLS

The Sandhills land-cover map used in this investigation is derived from the Landsat-5 TM 30-meter data set,
originally based on Nebraska Gap Analysis Program
(GAP) land-cover mapping. It consisted of 19 land-cover
types for the Sandhills at its original resolution. Henebry
et al. (2005) generated this land-cover map for the state

6.44

0.01

39.05

0.07

55,198.64

100.01

of Nebraska from the 30 m radiometric and geometric
corrected Landsat TM imageries obtained from the Earth
Resources Observation Systems (EROS) Data Center, for
the period between 1991 and 1993. In total, 31 scenes were
used for this land-cover classification, viz., eight scenes
from 1991 in April, July, and August, 17 scenes from 1992
in April, May, August, and September, and six scenes
from 1993 in April and July. Henebry et al. (2005) reported that area-weighted accuracy assessment for this aggregated land-cover classification was about 73%. Table 1
shows the extent of vegetation types in the Sandhills. The
Sandhills are predominantly covered by native grassland
interspersed with lakes and wetlands. About 80% of the
region (45,000 km 2 ) is dominated by the Sandhills upland
prairie and western shortgrass, western wheatgrass, and
mixed prairie, while 10% of the Sandhills (5,234 km 2 ) is
covered with lowland tallgrass prairies. The other cover
types include agricultural crops, little bluestem-gramma,
woodlands, wetlands, and open water. Agricultural fields
constitute 4.5%, and wetlands and open water constitute
2.3% of this area.
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln
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REFERENCE ET COMPUTATION

The computation of ETrs was performed at first for the
following seven weather-monitoring stations in the Sandhills (Fig. 1), which are part of the Automated Weather
Data Network (AWDN) of the High Plains Regional
Climate Center (HPRCC): Ainsworth (AIN), Arapahoe
(ARA), Arthur (ART), Barta Brothers (BAR), Gudmundsen (GUD), Halsey (HAL), and O'Neill (ONE). These
AWDN sites are well distributed over the Sandhills and
thus represent moderate variability in atmospheric conditions and topography. Using weather data from these
seven sites, the Standardized ASCE Penman-Monteith
evapotranspiration computation for alfalfa (ETrs) was employed at a daily time step for a four-year period between
2000 and 2003 using the REFET program (Allen 2001).
The variables from the weather stations used in the computation of ETrs include daily maximum and minimum air
temperature (OC), solar radiation (MJ m-2 d- 1), average
relative humidity (%), and average wind speed (m S-l).
AWDN has a quality-control procedure for evaluating the
integrity of the weather data by flagging the anomalous
and missing records. Before implementing the REFET
scheme, the data set for the seven AWDN sites in this
study was also checked for its integrity. The computation
of ETrs in this study was based on the ASCE PenmanMonteith Standardized Reference Evapotranspiration
equation. The basic form of the equation is shown below,
and the details of this equation are provided elsewhere
(Allen et al. 2005):

ET =
sz

[

(e eo)]

Cn .u 2 s T+273
A + y(t + Cd .U 2 )

0.408A(Rn - 0)+ y

(1)

ETsz is the standardized reference crop evapotranspiration
for shortgrass (ETos) or tallgrass or alfalfa reference (ETrs)
(mm d- 1) for daily time steps; Rn is the net radiation, MJ
m- 2 d- I; G is the soil heat flux, MJ m-2 d- 1; Tis mean daily
temperature at l.5 to 2.5 m height (OC); U2 is mean daily
wind speed at 2 m height (ms- I); es is saturation vapor
pressure of the air, kPa, and is calculated as the average
of saturation vapor pressure at maximum and minimum
air temperature; ea is the mean actual vapor pressure of
the air, kPa; (e s - ea ) is the vapor pressure deficit of the
air, kPa; A is the slope of the saturation vapor pressuretemperature relationship, kPa °C-I; y is the psychrometric
constant, kPa °C- I; Cn is the numerator constant that
changes with reference type and calculation time step; and
Cd is the denominator constant that changes with refer© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln

ence type and calculation time step. The values of Cn and
Cd for tallgrass reference for the daily step used are 1,600
and 0.38, respectively.
CROP COEFFICIENTS AND
EVAPOTRANSPIRATION ESTIMATION

Depending upon the atmospheric conditions, evaporative demand will vary, and that is characterized by ETrs or
reference ET. However, if we have to adjust the computed
ETrs to a particular cover type, crop coefficient (a dimensionless number usually between 0.1 and 1.2) is used to
multiply with ETrs to estimate actual ET for each cover
type. The Food and Agricultural Organization (FAO)
mean crop coefficients, based on Allen et al. (1998), were
applied after relating them to the land-cover types in the
Sandhills (Table 2). That is, by reclassifying the 19 TMbased land-cover classes shown in Table I into six landcover classes and assigning the mean crop coefficients of
Allen et al. (1998), Table 2 was derived for this analysis.
Originally, these FAO crop coefficients were developed
for subhumid climates as time-averaged coefficients for
nonstressed, well-managed crops, having a minimum relative humidity of 45% and wind speed of2 m S-I, and this
study employed these mean coefficients for use with the
ETrs values computed in the earlier step. We reclassified
the Sandhills land-cover types by merging ponderosa pine
forests and woodlands, deciduous forests and woodlands,
juniper woodlands, riparian shrubland, and riparian
woodland into conifer trees, by merging Sandhills upland
prairie, upland tallgrass prairie, little bluestem-gramma
mixed grass prairie, western wheatgrass mixed-grass
prairie, and western shortgrass prairie into grazing pastures, by assigning lowland tallgrass prairie to ryegrass
hay, by merging barren/sand/outcrop and low- and highintensity residential into a low uniform value of 0.3, by
merging agricultural and fallow agricultural lands into
alfalfa hay, and finally, by merging aquatic-bed wetland,
emergent wetland, and open water into reed swamp/standing water. As seen in Table 2, lowland tallgrass prairie
has relatively high crop coefficients of 0.95, 1.05, and 1
for initial, mid-, and end of growing season, respectively,
while upland prairie has a reduced crop coefficient of 0.3
for the initial season and a value of 0.75 for both mid- and
end of growing season, and these crop coefficient values
quite typically represent the Sandhills cover types. Pine
forest woodlands represent a uniform crop coefficient of
I for all three seasons. But open water and wetlands have
higher crop coefficients of 1, 1.2, and 1 for initial, mid-,
and end of season, respectively, and these are relatively
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TABLE 3
ESTIMATED FOUR-YEAR AVERAGE ETrs (20002003) FOR SEVEN SITES IN THE SANDHILLS

TABLE 2
CROP AND COVER COEFFICIENTS
APPLIED IN Kc x ETo APPROACH
Land cover

39

Crop (cover) coefficient (Kc)
Initial

Mid

End

Pine and deciduous forests,
woodlands

1.00

1.00

1.00

Sandhills upland prairie,
little bluestem, western
shortgrass

0.30

0.75

0.75

Lowland tallgrass prairie

0.95

1.05

1.00

Barren/sand/outcrops

0.30

0.30

0.30

Agricultural field

0.40

0.95

0.90

Aquatic-bed emergent wetland and open water

1.00

1.20

1.00

Site

ASCE-PM ET rs (alfalfa) (mm d- l )
Initial

Mid

End

AIN

4.8

6.5

3.4

ARA

5.4

7.9

3.7

ART

5.4

7.7

4.0

BAR

5.3

7.7

4.1

GUD

5.0

7.2

3.6

HAL

5.6

8.2

4.3

ONE

4.8

6.8

3.6

Mean

5.2

7.4

3.8

Note: Adopted from Allen et al. (1998).

higher in contrast to the other cover coefficients. The bare
soil crop coefficients were set to be uniform, with value
of 0.3 for all three seasons.
It is worthwhile to note that crop coefficients vary by
crop or cover type, by stage of growth (early, mid-, or end
of season), and by some cultural practices. Thus, by taking into account the physics of plant transpiration, such as
the ability of the canopy cover to intercept solar radiation,
canopy roughness, and crop-growth characteristics, as
well as soil-moisture conditions, crop coefficients effectively adjust ETrs to derive actual ET estimates. A caveat
for this approach is the simplicity of estimating actual
ET by ignoring all the complexity of the physics involved
in the ET process. The fact that some of the surfaces are
very uniform might justify the use of a single value of crop
coefficient to obtain a preliminary estimate of average
ET for a given surface. However, in some surfaces, these
values might be far from actual ET at 30 m resolution,
because they are not taking into account effects o{wetting
events, cover density and height, and water availability.

a

RESULTS
Sitewise ETrs Analysis

The results of the ETrs computation are discussed in
this section. Table 3 shows seasonal averages (initial =
April-May, mid = June-August, and end = SeptemberNovember) of ETrs from the four-year analysis for each
location. Generally, the mid-growing season average was
characterized by higher ETrs due to canopy cover and

energy availability and it ranged between 6 and 8 mm d- 1.
The initial and senescent period of the crop season demonstrated a slightly lower ETrs range on the order of 4-5
mm d- 1. AIN showed the lowest ETrs for the mid-growing
season and HAL showed the highest ETrs among all sites.
Individual station data showed that solar radiation received during July-August were somewhat uniform, ranging between 22 and 25 MJ m-2 d- 1, and daily maximum
air temperatures were around 30°C.
Regional ET Estimation

The range of variability for any given season among
the seven sites was relatively less, and th erefore the average ETrs was computed in order to apply the Kc x ETo
technique for estimating regional ET over the Sandhills
at a 30 m resolution. This average ETrs was subsequently
used in combination with crop coefficients to calculate
ET for each cover type comprising three seasons, that is,
initial, mid-, and end of crop season.
Figure 2 shows actual ET computed for mid-growing
season based on ETrs and crop coefficients shown in Table
2, in which domain-averaged ETofthis active part of midgrowing season is 5.9 mm d- 1. Mean ETrs of seven sites for
initial, mid-, and end of growing season for grass were 5.2,
7.4, and 3.8 mm d- 1, respectively; these were subsequently
used to calculate actual ET for the entire domain at a 30
m resolution. The product resulting from this Kc x ETo
technique yielded a preliminary estimate of actual ET for
the Sandhills. However, these ET estimates are a more
general approximation of the ET values, and so some
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln
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Figure 3. Effects of scaling and interpolation methods in the ETrs-based aggregated evapotranspiration during the initial growing
season. Methods of interpolation or aggregation techniques are nearest neighbor (NN), bilinear interpolation (BI), and cubic
convolution (CC). ET values (mm/ d) are shown for each resolution with the pixel size as 500 m, 1 km, 5 km and 10 km.

subsequently its pixel value is copied to that new image.
The bilinear method uses a 2 x 2 pixel neighborhood to
derive a new value that is based on the weighted average
of the four pixels. Cubic convolution interpolation uses
a 4 x 4 pixel neighborhood to compute four interpolants
based on cubic polynomials that are fitted along the four
lines of four pixels surrounding the point in the image. A
new value for the image is then calculated using a fifth
cubic polynomial that is fitted, and the result is the distance-weighted average with weights varying nonlinearly
with distance. The detailed descriptions of the interpolation methods can be found elsewhere (Richards 1993).
Figures 3, 4, and S exhibit the results of aggregated ET
over four scales by three aggregation methods for ET estimates based on ETrs . In a general sense, this method of
aggregating ET from a high-resolution product is similar
to aggregating the land-cover types from a 30 m scale first
and then computing the aggregated ET using the resultant
vegetation type of the grid or pixel. As bilinear interpolation and cubic convolution methods are not applicable for
aggregating land-cover types that use the weighted average technique and a curve-fitting approach (smoothing),
actual ET at 30 m was computed at first; subsequently, all
three methods of aggregation were employed. By keeping

the 30 m ET estimation as the "standard" baseline estimate, mean percentile error (MPE) was computed from
the domain-averaged ET obtained from various scales of
aggregation (see Table 4).
The estimated ET based on ETrs in combination with
aggregation methods for various scales is shown in Figures 3-S, and MPE values are shown in Table 4. The mean
initial-growing-season ET computed was about 2 mm d- 1
and, as shown in Figure 3, the general trend in ET ranged
between 1 and 2 mm d- 1 except in the eastern region
and lowland tallgrass prairie ecosystem of the Sandhills.
There was a negative bias in the estimates as the scale
moved from SOO m to 10,000 m from both the NN and
CC method of aggregation, while there was a positive bias
in the estimates as a result of the BI method. The subgrid
variability seen at the SOO m and 1 km scales becomes
nonexistent at the S km and 10 km scales, and MPE was
found to be less than or about 1% for the NN and BI methods (except 10 km by BI); the CC method contained an
error of about 2%. During the mid-growing season, due to
increased energy and canopy cover, the region exhibited a
uniform mean seasonal ET of about S.9 mm d- 1 (Fig. 2);
however, MPE remained low for the NN and BI methods,
and CC method showed MPE of 4%. The positive bias
© 2007 Center for Great Plains Studies, University of Nebraska - Lincoln
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Figure 4. Effects of scaling and interpolation methods in the ETrs- based aggregated evapotranspiration during the mid-growing
season . Methods of interpolation or aggregation techniques are nearest neighbor (NN ), bilinear interpolation (BI ), and cubic
convolution (CC). ET values (mm/ d) are shown for each resolution with the pixel size as 500 m, 1 km , 5 km and 10 km.
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Figure 5. Effects of scaling and interpolation methods in the ETrs- based aggregated evapotranspiration during the end of the growing season . Methods of interpolation or aggregation techniques are nearest neighbor (NN), bilinear interpolation (BI), and cubic
convolution (CC) . ET values (mm/ d) are shown for erach resolution with the pixel size as 500 m, 1 km , 5 km and 10 km .
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TABLE 4
SCALING EFFECTS ON ESTIMATED EVAPOTRANSPIRATION FROM TALL-SURFACE REFERENCE CROP
(ET RS) USING SEVERAL AGGREGATION TECHNIQUES
Growing
season

Initial

Mid

End

Baseline

Scale of
resolution
(m)

Mean percentile error (%)

Estimated mean seasonal actual
evapotranspiration (mm d- 1)
Bilinear
interpolation

500

2.040

2.057

1.997

0.22

1.04

-1.91

1,000

2.052

2.062

2.010

0.79

1.31

-1.25

5,000

2.020

2.043

1.999

-0.76

0.34

-1.79

10,000

2.026

2.116

2.015

-0.47

3.94

-1.01

500

5.931

5.903

5.712

0.08

-0.38

-3.61

1,000

5.938

5.907

5.724

0.21

-0.31

-3.41

5,000

5.913

5.881

5.711

-0.22

-0.75

-3.62

10,000

5.940

5.982

5.759

0.24

0.95

-2.82

500

2.991

2.980

2.884

-0.02

-0.38

-3.61

1,000

2.993

2.981

2.888

0.06

-0.36

-3.46

5,000

2.983

2.968

2.883

-0.28

-0.80

-3.63

10,000

3.005

3.023

2.913

0.45

1.05

-2.64

30m

Initial

2.0

Mid

5.9

End

3.0

from NN and BI (except for the 5,000 m scale by the NN
method) was clear from Table 4 and Figure 4. At the 500
m scale, the CC method showed a negative bias, but as
the scale became coarser, the bias gradually decreased.
Although the CC method appeared to retain the subgridscale heterogeneity that showed low ET spots (see Fig. 4),
MPE magnitudes were higher when compared with the
other two methods. The end-season mean actual ET was
about 3 mm d- l . Figure 5 exhibits a smooth surface of ET
for the region in the NR and BI methods across scales, but
the CC method shows some patches of low ET as before.
The bias remained positive for the NN method, and the
BI and CC methods exhibited negative bias, except at the
10,000 m scale from the BI method. Therefore, both the
NN and BI methods of aggregation yielded better results
when compared with the CC method as the scale moved
from 500 m to 1 km. But at coarser scales, the estimates
from all three methods displayed higher bias. Because
ET is the principal "sink" component in the water and
energy budget, it is critical to partition net radiation and
fluxes in the energy budget calculation and to partition
precipitation into ET, runoff, and drainage in the water

Cubic
convolution

Nearest
neighbor

Bilinear
interpolation

Nearest
neighbor

Cubic
convolution

budget analysis. The differences manifested across the
scales suggested that the variability in surface conditions
needed to be maintained for accurate estimation.
CONCLUSION

The issues involved in estimating evapotranspiration
in the Sandhi lIs of Nebraska are twofold. It is easy to
generalize the surface homogeneity of the region with
the predominance of native grass; hence, it would seem
simple to determine the region's hydrological water and
energy budget. However, the complex interaction among
groundwater, open surface water (including lakes and
wetlands in a rolling topography), and atmospheric conditions presents a different scenario. It is beneficial to use
a physically based land-surface model that addresses the
complexities mentioned above; however, lack of data constrains this exhaustive but more accurate approach. Therefore, a simple alfalfa-reference evapotranspiration, ETrs ,
and cover-coefficient method was employed in this study
to compute ET for each land-cover class in the Sandhills.
The ETrs computations showed fewer variations in ETrs
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln
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for seven sites within the Sandhills, and therefore mean
ETrs for the initial, mid-, and end of growing season was
computed. Then, using crop coefficients and Landsat TM
30-meter land-cover data, a distributed, high-resolution
ET map was derived. Estimated ET from tall surface or
alfalfa reference (ETrs) crop, averaged over the Sandhills
during the mean mid-growing season, was S.9 mm d- 1,
whereas initial and end-of-season ET estimates were 2
and 3 mm d- 1, respectively. But the ET estimates were
less when short surface or grass reference (ETas) was used;
the domain-averaged ET based on the grass-reference
calculations was I.S, 4.S, and 2 mm d- 1 for initial, mid-,
and end of growing season, respectively. This approach
in estimating ET, using either tall or short reference, has
some limitations, given the assumptions on cover coefficients and moisture availability in the soil for plants. The
estimated ET is more a preliminary estimation of regional
ET based on general values of crop coefficients on given
land-cover classes and on ETrs calculated from weather
stations in the area. However, these estimations are useful and can provide the basis for ongoing efforts related
to computing site-specific cover coefficients using ET
measurements from the field and for an improved physically based modeling approach in making more accurate
regional ET estimates.
Finally, based on the 30 m actual ET map of the region, the results were aggregated using three different
interpolation methods, namely, nearest neighbor, bilinear
interpolation, and cubic convolution approaches to SOO m,
1 km, S km, and 10 km. MPE calculated for these methods
suggested that both nearest neighbor and bilinear interpolation methods were performing better up to the S km
scale when compared with the cubic convolution method.
The smoothing of output cell values in the cubic convolution method was attributed to the discrepancy in the estimated ET at coarser scales. This suggests that even for a
region with a homogeneous surface condition, the choice
of appropriate methods of aggregating the land cover, soil,
or other variables that will allow an estimate of large-scale
patterns while preserving the subgrid-scale heterogeneity,
plays an important role in obtaining reliable results.
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